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Counter track joint with an improved ball cage 

Description 

The invention relates to a constant velocity joint in the form 
of a counter track joint. Such joints have the following char- 
acteristics: 

- an outer joint part which comprises a first longitu- 
dinal axis L A as well as an attaching end and an ap- 
erture end which are positioned axially opposite one 
another, and which comprises first outer ball tracks 
and second outer ball tracks, 

- an inner joint part which comprises a second longi- 
tudinal axis Li and attaching means for a shaft poin- 
ting towards the aperture end of the outer joint 
part, and which comprises first inner ball tracks 
and second inner ball tracks, 

- the first outer ball tracks and the first inner ball 
tracks form first pairs of tracks which receive 
first balls, 

- the second outer ball tracks and the second inner 
ball tracks form second pairs of tracks which re- 
ceive second balls, 

- a ball cage is positioned between the outer joint 
part and the inner joint part and comprises circum- 
ferentially distributed first cage windows each ac- 
commodating one of the first balls and circumferen- 
tially distributed second cage windows each accommo- 
dating one of the second balls. 

When assembling fixed joints it is common practice first to 
insert the outer joint part, the ball cage and the inner joint 
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part into one another and then to insert the balls while over- 
articulating the joint, i.e. articulating the inner joint part 
and outer joint part relative to one another to such an extent 
that cage windows of the cage, with the cage guided on to half 
the articulation angle between the inner joint part and outer 
joint part, emerge from the outer joint part. When over- 
articulating the joint, any balls which have already been 
mounted and which are not positioned in the articulation plane 
and not in a plane extending through the axis of the ball cage 
perpendicularly to the articulation plane are displaced in the 
circumferential direction in their cage windows. The greater 
the articulation angle, the greater the circumferential length 
of the respective cage windows has to be. By increasing the 
length of the cage windows, the width of the webs between the 
cage windows is reduced. This results in a reduction in the 
strength of the cage, which is undesirable. 

In connection with a constant velocity fixed joint whose pairs 
of tracks jointly widen towards the aperture, it is already 
known from DE 42 34 488 CI to propose a cage which comprises 
cage windows which are positioned opposite one another in a 
radial plane, which have a first shorter circumferential 
length as well as having cage windows whose centres are posi- 
tioned outside said radial plane and outside a plane arranged 
perpendicularly thereto, having a second greater circumferen- 
tial length. 

It is the object of the present invention to propose improved 
constant velocity joints wherein more particularly the cage 
comprises an increased strength. The objective is achieved in 
that the circumferential length LI of the first cage windows 
for the balls in the first pairs of tracks is greater than 
the circumferential length L2 of the second cage windows for 
the balls in the second pairs of tracks. This permits a method 



of assembly wherein first the first balls, one after the 
other, are mounted in first pairs of tracks which widen from 
the aperture end to the attaching end and wherein then the 
second balls, one after the other, are mounted in second pairs 
of tracks which widen from the attaching end to the aperture 
end. For mounting said second balls in the second pairs of 
tracks, there is required a smaller over-articulation angle 
and thus also a shorter circumferential length of the respec- 
tive windows than there is required for mounting the first 
balls in the first pairs of tracks. 

According to a first embodiment it is proposed that first 
pairs of tracks and second pairs of tracks are arranged so as 
to alternate across the circumference. Alternatively, it is 
possible for pairs of first pairs of tracks and pairs of sec- 
ond pairs of tracks to be arranged so as to alternate in the 
circumferential direction. 

At the attaching end, the outer joint part can comprise a 
joint base with an attaching journal or a flange face with a 
further second aperture arranged opposite the first aperture. 

The advantages of the invention are particularly obvious in 
joints with a large number of balls, i.e. comprising eight or 
ten balls, wherein the web width is particularly reduced. How- 
ever, the invention is equally suitable for counter track 
joints with an even number of at least four balls. For arrang- 
ing the first pairs of tracks and the second pairs of tracks 
in joints with different numbers of balls, reference is made 
to the following description of the drawings. 

Preferred embodiments of the invention are illustrated in the 
drawings and will be described below. 
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Figure 1 shows a first embodiment of an inventive counter 
track joint 

a) in a longitudinal section 

bi) in a longitudinal section during a first assembly phase 
b 2 ) in a cross-section through the ball cage during the 
first assembly phase 

ci) in a longitudinal section during a second assembly phase 
c 2 ) in a cross-section through the ball cage during the sec- 
ond assembly phase. 

Figure 2 shows an inventive joint in the first assembly phase 
according to Figure lb 

a) in a longitudinal section 

b) in an axial view of the joint aperture 

c) in a cross-section through the ball cage. 

Figure 3 shows an inventive joint in a second assembly phase 
according to Figure 1c 

a) in a longitudinal section 

b) in an axial view of the joint aperture 

c) in a cross-section through the ball cage. 

Figure 4 shows an inventive joint in a modified embodiment in 
the form of a disc joint 

a) in a longitudinal section 

b) in an axial view of the driving journal 

c) in a cross-section through the ball configuration. 

Figure 5 shows different ball configurations of inventive 
joints 

a) with ten balls 

bi) with eight balls 

b 2) with eight balls 

c) with six balls 



d) with four balls. 



The following descriptions of the individual illustrations, of 
Figure 1 partly overlap. 

Figure la shows an inventive counter track joint 11 showing an 
outer joint part 12 with a base 20 and a joint aperture 21, as 
well as an inner joint part 13 with an inner aperture 26 and a 
shaft 27 inserted into the latter. In the longitudinal section 
through the joint, it is possible to identify one of the first 
balls 14 and one of the second balls 15. The first balls 14 
run in pairs of first outer tracks 22 and first inner tracks 
23 which widen from the aperture to the base, and the balls 15 
run in pairs of second outer tracks 24 and second inner tracks 
25 which widen from the base 20 to the aperture 21. The balls 
are held by a ball cage 28 in a common plane, and there are 
provided first windows 18 for the first balls 14 and second 
windows 19 for the second balls 15. For the purpose of assem- 
bling the joint, the inner joint part 13, the ball cage 28 and 
the outer joint part 12 are inserted into one another in a way 
generally known in itself, wherein optionally, the longitudi- 
nal axes of the respective outer part and of the respective 
inner part have to be arranged in a position where they inter- 
sect one another, and the inner part, while being moved around 
its own longitudinal axis, is rolled into the outer part. Only 
then is the respective inner part again aligned coaxially re- 
lative to the outer part. Thereafter, the outer joint part 12, 
the ball cage 28 and the inner joint part 13 are inserted into 
one another, but the balls are not yet mounted. The illustra- 
tions b show the first balls 14 being introduced into the 
first pairs of tracks. The inner joint part 13 with its longi- 
tudinal axis Li is articulated by an angle ai relative to the 
outer joint part 12 with its longitudinal axis L A , with the 
ball cage 28 with its longitudinal axis L K and its central 
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plane respectively assuming an angle-bisecting position rela- 
tive to the angle a x . The cage 28 and the joint parts 12, 13 
are disposed in such a way that one of the first cage windows 
18 is positioned centrally in the articulation plane and 
emerges from the outer joint part 12. In this position, which 
is also referred to as "over-articulation 7 ' of the joint, as it 
is not assumed in operation, a first ball 14 is inserted from 
the outside into said first cage window 18, whereupon the in- 
ner joint part 13 and the cage 28 are pivoted back, with the 
same process being repeated twice in other articulation 
planes, each turned by 120° for the purpose of inserting the 
further first balls 14. When inserting the last one of the 
balls 14 as shown in illustration b, the two other first balls 
- because of the way in which the track extends - assume a 
changed circumferential position in their. cage windows 18 be- 
cause of the track extension of the associated pairs of tracks 
22, 23 positioned outside the articulation plane. To be able 
to permit said circumferential movement of the balls during 
assembly under "over-articulation" conditions, the first cage 
windows 18 have to have a circumferential length Li. 

Illustration c shows the assembly of one of the second balls 
15, more particularly of the last one of the second balls into 
one of the second pairs of tracks 24, 25. The inner joint part 
13 with its longitudinal axis L z is articulated by the angle 
0(2, which is smaller than the previously mentioned angle c*i, 
relative to the outer joint part 12 with its longitudinal axis 
L A . The cage 28 with its longitudinal axis L K and its central 
plane respectively assumes the angle-bisecting position with 
reference to said angle c*2 . In this case, too, because of the 
position of the further two pairs of tracks 24, 25 of the fur- 
ther two balls 15, which position is located outside the ar- 
ticulation plane, it is necessary for the further two balls in 
their cage windows 19 to be displaced in the circumferential 
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direction. In order to permit said circumferential displace- 
ment of the balls during assembly, i.e. during "over- 
articulation", the two cage windows 19 in their circumferen- 
tial direction have to have the length L 2 which, however, is 
smaller than the length Li of the first cage windows. 

Figure 2 shows the inventive joint according to Figure 1 in 
the position according to Figure lb during the assembly of the 
last one of the first balls 14. The shaft 27 which is inserted 
into the inner aperture 2 6 of the inner joint part 13 is shown 
in dashed lines. This illustration shows that when the shaft 
has been inserted, i.e. when the joint is in operation, "over- 
articulation" as shown here is no longer possible for mounting 
the balls because, long before reaching the articulation angle 
oti, the shaft 27 would collide with the edge of the outer joint 
part 12. Illustration b shows how the lower first cage window 
18 has largely emerged from the outer joint part 12 for intro- 
ducing the first ball 14 into the first inner track 23. Illus- 
tration c once again shows the position of the two other first 
balls 18 which are positioned outside the articulation plane, 
with the joint being "over-articulated" by the angle a x for the 
purpose of introducing the last one of the first balls 18. 

Figure 3 shows the inventive joint according to Figure 1 in 
the position according to Figure lb during the assembly of the 
last one of the second balls 15. The shaft 27 which has been 
inserted into the inner aperture 26 of the inner joint part 13 
is illustrated in dashed lines. This illustration shows that, 
when the shaft has been inserted, i.e. when the joint is ready 
for operation, "over-articulation" as shown here is no longer 
possible for mounting the balls because, long before reaching 
the articulation angle a 2 , the shaft 27 would collide with the 
edge of the outer joint part 12. Illustration b shows how the 
lower first cage window 19 has largely emerged from the outer 
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joint part 12 for introducing the second ball 15 into the sec- 
ond inner track 25. Illustration c once again shows the posi- 
tion of the two other first balls 18 which are positioned out- 
side the articulation plane, with the joint being M over- 
articulated" by the angle a 2 for the purpose of introducing the 
last one of the second balls 19. 

Figure 4 shows an inventive counter track joint in a modified 
embodiment where the joint 11 is provided in the form of a so- 
called disc joint which, instead of a base 20 comprises a fur- 
ther aperture 29 opposite the first aperture 21. In this case, 
too, the joint illustrated comprises three first balls 14 in 
first cage windows 18 and three second balls 15 in second cage 
windows. The first balls 14 are mounted before the second 
balls 15 are mounted; if there is a case of symmetry between 
the outer joint part and the inner joint part, assembly can 
also take place from the second end of the joint. In this 
case, too, it is necessary for the first windows 18 for the 
first balls 14 in the first pairs of tracks 22, 23 to have a 
greater length LI in the circumferential direction than the 
cage windows 19 for the second balls 15 in the second pairs of 
tracks 24, 25. 

The reason why the balls, upon articulation of the joint, are 
displaced in the circumferential direction relative to the 
centre of the respective cage window is that the balls move 
along their tracks when the joint is articulated. Said ball 
tracks are positioned in radial planes relative to the respec- 
tive joint component. In consequence, when the joint is ar- 
ticulated, the central plane of the ball cage no longer coin- 
cides with the central planes of the inner joint part and 
outer joint part, but forms inclined sections through said 
joint components. In said inclined sections, the circumferen- 
tial distance between the tracks is distorted and thus non- 



uniform, and the circumferential distance between the balls 
and thus the position of the balls in the cage windows ar- 
ranged on a uniform pitch circle in the cage is correspond- 
ingly non-uniform. 

Figure 5 shows the ball configurations of inventive joints 
with different numbers of balls, with first balls 14 which are 
positioned in first pairs of tracks 22, 23 widening in a first 
direction being hatched and second balls 15 which are posi- 
tioned in second pairs of tracks 24, 25 widening in the oppo- 
site direction being illustrated by circumferential lines 
only. 

Illustration a shows the balls of a ten-ball joint with cir- 
cumferentially alternately arranged first and second balls 14, 
15. 

Illustration jb 2 shows the balls of an eight-ball joint with 
circumferentially alternately arranged first and second balls 
14, 15. 

Illustration b 2 shows the balls of an eight-ball joint whose 
first and second balls 14, 15 are circumferentially alter- 
nately arranged in pairs, with alternately arranged pairs of 
first pairs of tracks 22, 23 and second pairs of tracks 24, 25 
corresponding to same. 

Illustration c shows the balls of a six-ball joint with cir- 
cumferentially alternately distributed first and second balls 
14, 15. 

Illustration d shows the balls of a four-ball joint with cir- 
cumferentially distributed first and second balls 14, 15. 
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